SOFT PHONONS AND MAGNETIC ORDERING IN THE γ-PHASE TRANSITION METAL ALLOYS
Abstract. -Neutron i n e l a s t i c s c a t t e r i n g measurements have been performed on two s i n g l e c r y s t a l s of t h e thermally quenched y-phase ( f c c ) a l l o y , Fel-,PdX with x = 0.28 and x = 0.37. The x = 0.28 sample which orders ferromagnetic a l l y a t Tc = 575 K e x h i b i t s a smeared s t r u c t u r a l t r a n s i t i o n i n t o an f c t phase near TM = 265 K. An anomalous dispersion of t h e [<SO]TAl branch due t o t h e decrease of t h e phonon energy around t h e r point develops below Tc. A s t h e temperature decreases, t h e branch decreases i n energy. The anomalous p a r t of t h e e l a s t i c constant, A(Cll-C12)/2, follows t h e same temperature dependence a s t h e square of t h e magnetization.
On t h e x = 0.37 sample which has no s t r u ct u r e t r a n s i t i o n , t h e phonon anomaly i s much weaker. For both c r y s t a l s t h e other branches e x h i b i t normal behavior. 
t i c neutron s c a t t e ring technique^^'^ with t h e goal of understanding t h e r e l a t i o n s h i p between t h e Invar
p r o p e r t i e s , t h e magnetization M and t h e m a r t e n s i t i c t r a n s i t i o n . I n Hausch's u l t r a -1 2 sonic study of Fel-xNix and Fe P t he observed an anomalous decrease of t h e e l a s t i c 3 2 constants C44 and ~( c~~-c~~) , which has t h e same temperature dependence a s M . This was explained a s due t o a s t r a i n dependent exchange coupling i n t h e Heisenberg s p i n 1 system. Bndoh e t a l s o observed an anomalous behavior of T(C11-C12) i n Fel_NiX by neutron s c a t t e r i n g measurements, but emphasized t h a t t h e anomalous p a r t of 1 -(C -C ) v a r i e s l i n e a r l y i n M. Their explanation was based more on t h e dynamical 2 1 1 12 response of t h e conduction e l e c t r o n s t o t h e s t r a i n .
Recent measurement^^'^ on Fe Pd a l l o y s have shown t h a t another phase, a face-1-x x centered t e t r a g o n a l ( f c t ) phase, e x i s t s between t h e f c c and bcc phases.
I n t h i s paper, we r e p o r t on t h e l a t t i c e dynamics of Fe Pd studied by i n e l a s t i c neutron lix x s c a t t e r i n g and show t h a t t h e anomalous p a r t of ?(Cll-C12) follows t h e temperature 2 dependence of M .
The measurements were performed on two s i n g l e c r y s t a l s of Fe Pd with x = 1-x x 0.37 ?r 0.01 ( c r y s t a l 1 ) and x = 0.28 f 0.01 ( c r y s t a l 2). The concentration of crys-
t a l 1 is such t h a t i t does not e x h i b i t any s t r u c t u r a l phase transformation below t h e Curie point. Crystal 2 e x h i b i t s an f c c t o f c t t r a n s i t i o n near TM = 265 K but because of concentration g r a d i e n t s t h e t r a n s i t i o n i s smeared out over 35 K. I n a d d i t i o n , a
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Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19816227 bcc phase also appears at lower temperatures. Because of this, it was not possible to study any of the details of the critical dynamics associated with the martensitic transition near T M- Fig. 1 shows the observed spectra of the [5SO]TAl phonons for 5= 0.15 measured 1 at several temperatures. This branch corresponds to the elastic constant -( C -C ). 2 11 12 At T = 676 K, which is greater than T = 575 K, the spectrum is symetric and relatively narrow. As T is lowered, the frequency decreases and the linewidth increases. This is opposite to that expected from normal anharmonic processes. The small q portion of the dispersion curve for this branch is shown in Fig. 2 . Above Tc, the dispersion curve is linear. As T decreases, an anomalous upward curvature develops. When the quantity 62 approaches 1, the elastic constant % ( c~~-c~~) goes to 0. In Fig. 3 , the extrapolation of 62 to unity occurs at a temperature very near the martensitic transition temperature. This implies that the coupling to the magnetization which is responsible for the phonon softening is intimately related to the driving mechanism of the fcc-fct transition. Evidence to support this comes from the fact that in crystal 1, x = 0.37, no martensitic (fcc-fct) transition occurs and the anomalous phonon behavior is much weaker.
No significant phonon anomaly has been observed in the other branches for either crystal. In both crystals, we observed a large increase of the linewidth of T and q dependences of the linewidth. The detailed study of the linewidth remains a future problem.
